The polyamines, spermine and spermidine, negatively modulate N-methyl-d-aspartate (NMDA) and quisqualate receptor mediated responses in vivo : Cerebellar cyclic GMP measurements.
The effects of the polyamines, spermine and spermidine on basal and d-serine-, harmaline- and quisqualate-induced cyclic GMP (cGMP) were measured in mouse cerebellum. Spermine and spermidine at 200 ?g/mouse, intracerebellar injection (icb), did not alter basal cGMP levels. d-Serine (200 ?g/mouse, icb) and quisqualic acid (5 ?g/mouse, icb) caused 5- and 15-fold increases in cGMP. These increases were significantly reversed by co-injected spermine and spermidine (200 ?g/mouse, icb). Furthermore, direct intracerebellar spermidine (200 ?g) completely reversed harmaline (100 mg/kg, sc) induced increases in cGMP. These data indicate that the polyamines, spermine and spermidine attenuate responses mediated through the N-methyl-D-aspartate (NMDA), NMDA-associated glycine receptor and quisqualate receptors. These results provide an in vivo neurochemical evidence for polyamine modulation of excitatory amino acid receptors. Due to their putative abilities to increase mitochondrial uptake of [Ca(+2)], spermine and spermidine are likely to modulate the responses of several excitatory amino acid agonists. The polyamines spermine and spermidine are widely distributed in neural and non-neural tissues and have been shown to play a key role in cell differentiation and growth (Kremzner et al ., 1970; Harik and Snyder, 1974; Raina and Janne, 1975; Seiler, 1981; Pegg and McCann, 1982). Extensive studies have indicated an important role of the polyamines, spermine and spermidine, in the regulation of intracellular [Ca(+2)] levels (Nicchitta and Williamson, 1984; Iqbal and Koenig, 1985; Jensen Lynch and Baudrey, 1987; 1989 a, b). The precise regulation of intracellular [Ca(+2)] levels and maintenance of [Ca(+2)] gradients across the cell membranes are essential in cell survival as prolonged and excessive exposure to calcium can result in neuronal injury and death (Farber, 1981; Rasmussen and Barnett, 1984). The excitatory amino acid glutamate is known to interact with three subclasses of receptors, N-methyl-D-aspartate (NMDA), quisqualate and kainate (Cotman and Iversen, 1987). The role of excitatory amino acids in the etiology of ischemic neuronal death is also well established (Cotman and Iversen, 1987). Although the precise mechanisms of ischemic injury are unknown, excessive release of glutamate and/or other endogenous excitatory amino acid(s) which result(s) in massive influx of [Ca(+2)] into neurons (Garthwhite et al ., 1986; Choi et al ., 1987) is considered in important event. Due to the pivotal role played by polyamines in the regulation of intracellular [Ca(+2)] levels, it is likely that polyamines may have an important role in the pathophysiology of ischemic injury. Recent in vitro evidence suggests that the NMDA receptor complex has recognition sites for the polyamines, spermine and spermidine, besides the putative sites for glycine, phencyclidine (PCP), and divalent ions such as [Mg(+2)] and [Zn(+2)] (Ransom and Stec, 1988). Recently, ifenprodil, a novel NMDA receptor antagonist, was shown to interact with the polyamines (Reynolds and Miller, 1989) which may explain its unique pharmacological profile. However, the precise functional interactions of polyamines with NMDA and other excitatory amino acids are unknown at this time. The present investigation was aimed at elucidating the in vivo functional interrelationships between polyamines and the excitatory amino acids in general, and with the NMDA receptor complex in particular, by examining the effects of spermine and spermidine on mouse cerebellar cGMP levels, a well characterized excitatory amino acid receptor-mediated second messenger response (Wood et al ., 1982; 1987; 1989; Rao et al ., 1989).